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(54) Process for the extrusion of polyethylene 

(57) A process for extrusion comprising: 

(i) blending one or more polyethylene(s), each pol- 
yethylene being made by a low pressure process 
and having a density equal to or greater than about 
0.918 gram per cubic centimeter, with one or more 
saturated alicyciic hydrocarbon(s), said hydrocar- 



bon^) being liquid at process temperature, non-po- 
lar, essentially amorphous, and containing less than 
about 15 percent by weight paraffin wax, in an 
amount of about 0.5 to about 15 parts by weight of 
hydrocarbon(s) per 190 parts by weight of polyeth- 
ylene^); and 

(ii) extruding the blend. 
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Description 



This application claims the benefit of United States Provisional Applications numbered 60/001,364 filed on July 
21, 1995; 60/006,353 filed on November 8,1995; and 60/006,633 filed on November 13,1995. 



Technical Field 

This invention relates to a process for the extrusion of polyethylene, which has a density equal to or greater than 
0.918 gram per cubic centimeter, and a multimodal particulate polyethylene produced thereby. 

Background Information 

To be commercially competitive, newly fabricated articles including films, bottles, other containers such as pails, 
dishpans and laundry baskets, and container lids require improvement in one or more of numerous properties such 
as environmental stress cracking resistance (ESCR), impact resistance, die swell, shrinkage, and melt fracture, and 
the manufacturers of these articles require resins, which will exhibit improved processability. Further, in injection mold- 
ing applications, there is a need to provide the capability of down-gauging to thin-walled products while retaining the 
advantageous properties and, at the same time, increasing the per unit speed of fabrication. In addition, the surface 
of the article should be smooth and essentially free of additives, which detract from appearance and other properties. 
Because of its toughness, strength, and chemical resistance, polyethylene has been used advantageously in the above 
mentioned applications, but as the molecular weight of the polyethylene increases, the processability decreases. In- 
dustry is constantly seeking a balance between processability and properties, and desirous of obtaining polyethylenes 
which reflect an improvement in both. 

Disclosure of the Invention 

An object of this invention, therefore, is to provide an enhanced process for the extrusion of polyethylene in which 
both processability and the properties of the ultimate polyethylene products are improved, and a resin composition 
adapted for such a process. Other objects and advantages will become apparent hereinafter. 

According to the present invention, the above object is met by a process for extrusion comprising: 

(i) blending one or more polyethylene(s), each polyethylene being made by a low pressure process and having a 
density equal to or greater than about 0.918 gram per cubic centimeter, with one or more saturated alicychc hy- 
drocarbons), said hydrocarbon(s) being liquid at process temperature, non-polar, essentially amorphous, and 
containing less than about 1 5 percent by weight paraffin wax, in an amount of about 0.5 to about 1 5 parts by we.ght 
of hydrocarbon(s) per 100 parts by weight of polyethylene(s); and 

(ii) extruding the blend. 

Other embodiments of the present invention are reflected in the following resins, blends, and products: 

I A particulate polyethylene blend comprising (i) one or more polyethylene(s), each polyethylene being made by 
a low pressure process and having a density equal to or greater than about 0.918 gram per cubic centimeter, and 
(ii) one or more saturated alicyclic hydrocarbon(s). said hydrocarbon (s) being liquid at blending temperatures, non- 
polar, essentially amorphous, and containing less than about 15 percent by weight paraffin wax, in an amount of 
about 0.5 to about 15 parts by weight of hydrocarbon(s) per 100 parts by weight of polyethylene(s) wherein each 
polyethylene blend particle has a crystalline phase and an amorphous phase and the surface of each polyethylene 
blend particle is essentially free of said hydrocarbon(s). 

II. A particulate homopolymer or copolymer, or blend of particulate homopolymers and/or copolymers, of ethylene 
and, in the case of copolymers, one or more comonomers having 3 to 12 carbon atoms, each polymer having the 
following characteristics. 

(i) a density of at least about 0.918 gram per cubic centimeter; 

(ii) a flow index of about 0.5 to a melt index of about 10, both in grams per 10 minutes; 

(iii) multimodal; 

(iv) each polymer particle having a crystalline phase and an amorphous phase; 

(v) the surface of each polymer particle being essentially free of additives; and 

(vi) on conversion to a film or blow molded product, exhibiting essentially no melt fracture. 
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III. A film or blow molded product exhibiting essenliallv no mell Irartnrp rnncidinn „ ■ 

™ e co™™, ha »,„ 9 3 ,o , 2 cart™ „ OT! , eL'pCyme" SS^^Z^SST"- °"° " 
(i) a density of at least about 0.918 gram per cubic centimeter 

J"!) m^odar °' ab0U ' 0 5 ,0 3 °' ab ° Ut 10 ' b ° ,h 10 9famS Per 10 

(iv) each original polymer particle having a crystalline phase and an amorphous phase and 

(v) the surface of each original polymer particle being essentially free of additives 

IV. A paniculate homopolymer or copolymer, or blend of particulate homonn.vrrwc =>„h/~, „ , 

(i) a density of at least about 0.918 gram per cubic centimeter 

(ii) a melt index of about 1 to about 1 60 grams per TO minutes 

(iii) multimodal; 

(iv) each polymer particle having a crystalline phase and an amorphous phase 
v) the surface of each polymer particle being essentially free of additives and' 
(vi) on conversion to an injection molded product being capable of 

(a) having the speed of fabrication increased by at least about 10 percent and 

(b) being down-gauged by at leas, 1 0 percent, both with essentially no loss in Gardner impact strength. 

V. An injection molded product having been prepared bv (i) increa<5inn tho cn^^n ^ «" u 
10 percent and (ii) down-gauging byl, .easfabou. ?o "pi c 

strength over a like injection molded product prepared without such increase f T^Tl LZ " ' mpaC ' 
essen.ia.ly o, a homopotymer or copolymer, or b'end o, ^^^^^Z^T^"^ C ° nS ' SXin9 

c c h~r ers ' one or - — — 3 ,o 12 = ^a^M^ 

(t) a density of at least about 0. 91 8 gram per cubic centimeter 

(ii) a melt index in the range of about 1 to 160 grams per 10 minutes 

(iii) multimodal; 

(IZZilT, P °'T r Par, i Cl9 haVin9 3 CryS,alline Phase and an amorphous phase; and 
(v) the surface of each origmal polymer particle being essen.ially free ol additives 

or iZSZXSSZSS" re ' erS '° ^ PO ' ymer ' n PartiCU,atS Sta,S * ^ "o a n-m, 

The expression "having the speed of fabrication increased by at least about 10 oercen. with eo «n,io,h , 
D scriptio n of the Preferred Embodiment^ ) 
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are typically run at pressures above 15,000. psi. Typical catalyst systems, which can be used to prepare these poly- 
ethylenes are magnesium/titanium based catalyst systems, which can be exemplified by the catalyst system described 
in United States patent 4,302,565 (heterogeneous polyethylenes); vanadium based catalyst systems such as those 
de^dtn Unite'd States patents 4.508,842 (heterogeneous po.yethy.enes) and 5, 332,793 ; 5.342 907 rtMIMB 
(homogeneous polyethylenes); a chromium based catalyst system such as that described in Un.ted States patent 
4 101 445 a metallocene catalyst system such as that described in United States patents 4,937,299 and 5,317,036 
(homogeneous polyethylenes); or other transition metal catalyst systems. Many of these catalyst systems are often 
referred to as Ziegler-Natta ca.aryst systems. Catalyst systems, which use chromium or molybdenum oxides on s lica- 
almma supports are also useful. Typical processes for preparing the polyethylenes are also descnbed in the afore- 
mentioned patents. Typical in situ polyethylene blends and processes and catalyst systems for providing same are 
described in United States Patents 5.371. 145 and 5.405, 901. 

The polyethylene(s) are particulate and can be in the form of porous granules or pellets. The porous granules o 
each polyethylene generally have a diameter in the range of about 25 microns to about 2500 microns. Regardless ol 
its form, he polyethylene has a density equal to or greater than 0.918 gram per cubic cent-meter, pre eraby < .n the 
range of 0 920 to 0.970 gram per cubic centimeter. High density polyethylene, which has a density equal to or greater 
han 0 940 gram per cubic centimeter ,s particularly useful in the process of this invention. Linear tow dens.ty and 
medium density polyethylenes are also useful in subject process. Preferred densities for injection molding are greater 
man 0 918 gram per cubic centimeter and for blow molding are greater than 0.930 gram per cubic centimeter. If the 
polyethylene is in pellet form, the blending step is carried out with the polyethylene in the molten state. In any case, 
The blendinq can take place in a blender or extruder adapted for blending these two components. 

The moiecuiar weight o, the polyethylene can be in the range of about 20,000 to about 1 ,000,000 and is preferably 
in the ranqe of 25 000 to about 500,000 It is understood that there is a generally inverse linear correspondence between 
molecular weight' and flow index and melt index. The flow index can be greater than about 0.1 gram per 10 minute* 
and is preferably in the range of about 2 to about 80 grams per 10 minutes. For the purpose of blow , molding and film 
extrusion a flow index of about 0.5 to a melt index of about 10 and preferably a flow index ol about 1 to about a melt 
fndex ; 5 8 a I grams per 10 minutes, is desirable. The melt index can be in the range of about 1 to about 160 grams 
per 10 minutes and is preferably in the range of about 3 to about 150 grams per 10 minutes for the purpose of injection 
molding And for injection molding, molecular weights can range from about 20,000 to about 1 00,000 and are preferably 
^he range of about 25,000 to about 85,000. Melt index is determined under ASTM D-1 238, Condition E 
at 190°C and 2.16 kilograms and reported as grams per 10 minutes. Flow Index is determined under ASTM D-1238 
Condition F It is measured at 190'C and 21.6 kilograms and reported as grams per 10 minutes. Polyd.spers.ty (Mw/ 
Mn) can be greater than about 1 .5. and is usually in the range of about 3 to about 80 , ^ . . „ 

The portion of the copolymer attributed to the alpha-olefin comonomer(s) can be in the range ol about 1 to abou 
50 percent by weight based on the weight of the copolymer and is preferably in the range of about 2 to about 1 2 percent 
by weight based on the weight of the copolymer. There can be more than one alpha-olefin comonomer, but there is 
usually no more than one or two The balance ol the copolymer is ethylene. The preferred comonomers are 1 -butene 
1-hexene 4-methyl-1 -pentene, and 1-octene although the number of carbon atoms can be in the range of 3 to 12, if 
desired A characteristic ol the subject polyethylene is multimodality. preferably b.modal or tr.modal 

A technique for increasing the modality of the polyethylene and improving other properties Ihereof ,s to introduce 
various add,.,ves into the polyethylene. The preferred additive is a saturated a.icyclic hydrocarbon. On addition of he 
hydrocarbon, the polyethylene or mixture of polyethylenes increase their modality, for example, from mononnodal to 
bimodal and from bimodal to trimodal. Thus, the post-blend polyethylene(s) can be characterized as multimodal. 

As noted above, the hydrocarbons are saturated alicyclic hydrocarbons. They are unsubs.ituted. AHcyc he hydro- 
carbons are mixtures of aliphatic and cycloaliphatic hydrocarbons. The hydrocarbons are generally liquid at ambient 
temperatures are liquid at process temperature, non-polar, essentially amorphous, and contain less han 15 percent 
by weight paraffin wax. preferably less than one percent by weight paraffin wax. No paraffin wax would be most pref- 
erable but this is not censored practical or necessary for the composition applications. ^*^ d W™*^rVZ 
have a viscosity in the range of abou. 200 to about 1000 SUS (Saybolt Universal Seconds) at 100-F (37.8 C) and 
preferably have a viscosity in the range of about 250 to about 800 SUS at 1 00°F. Examples of these hydrocarbons are 
Kaydo® 350 380, and 550 hydrocarbons. Other examples are Tufllo® 6056 and 6026 hydrocarbons. It ,s noted that 
the Tufllo® hydrocarbons do no. compty with the FDA regulation for food contact. Kaydol® 350 hydrocarbon is reported 
to contain 118 percent by weight paraffin wax and Kaydol® 550 hydrocarbon is reported to contain less i than one 
percent by weigh, paraffin wax The molecular weigh, of these hydrocarbons is in the range of about 200 to abou 
5000 The hydrocarbon(s) can be present in the mixture of polyethylene(s) and hydrocarbon(s) in an amount of abou 
0 5 to about 15 parts by weight ol hydrocarbon(s) per 100 parts by weigh, ol polyethylene(s). and are preferably present 
in an amount of about 3 to about 1 2 parts by weight. These values refer to total hydrocarbons and total polyethylenes^ 
in any case the amount of hydrocarbon(s) should be such that the surface of each particle of polyethylene resin .s 
essentially free of these hydrocarbon(s). The hydrocarbon(s) are also miscible with the polyethylene at process tern- 
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peratures, and in the suggested proportions, reside in the amorphous phase of Ihe polyethylene Kaydol® 350 hvdro 
carbon has a v^cosrfy of 350 SUS at 100" F: a molecular weigh, of 800; and a density of 0.877 gran per cubic cen 
hme.er. Kaydo.® 380 hydrocarbon has a viscosity of 380 SUS a. 100= F; a mo.ecu.ar weigh, o, 900 and 1 density of 
0 ( 885 gram per cub.c cent.me.er. Tuff.o® 6056 hydrocarbon has a viscosity o, 460 SUS a, 100° F a molecular we,oh 
of 720; and a density of 0.8692 gram per cubic centimeter. molecular weight 

For the purposes of this specification, extrusion processes shall be considered to include conventional extrusion 
processes such as b.own tubular film extrusion (see discussion in United S.ates Paten. 4,814, 1 35, and pme and sheet 
extrusion, and blow molding, injection molding, rotational molding, and slot casting 

In the case of porous granular polyethylene, the hydrocarbon(s) are usually dry blended with the polyethvlenefs) 
» prior ,o extrusion (preblending). bu, ,he hydrocarbons) and resin can be blended in ,he extrudeM.se undlr ma 
processmg condi.ions. ,f desired Preblending is preferable, however, since i, shortens the mixing lime and is aTe! 
faclor in achieving uniform dis.ribu.ion of the hydrocarbon in the resm. In the case of pelleted polyethylene he 

(sTwl ouUhe^l he M t Wh6n b ' endin9 ' S imlia,ed P 0, ys<nylene(s) m,x readily with the hydocarbon 
2 2, , h T ^' except, as noted, when it is in pelle.ized form. Preblending can be carried ou, a, ambien" 

or elevated temperatures, however. Mixers and extruders useful in carrying ou. the process of the invenUon are con 
ventional off-the-shelf equipmen,. Mixers, which can be used to blend , he resin and the liquid ^a Z 7r e Z 
example, BanburyTM or other Interna| mjxers (WQ (o| , Bakef sZatZT^xers ribbon 

b enders, and Hensche.™ mixers. As noted, extruders can aiso be used to mix th.^^^h£££S 
Blending can also be effected by injecting the hydrocarbons) into fluidized polyethylene(s) Another orefen^ h PnH nn 
technique is to add .he hydrocarbon(s) to the polymerization reactor. The a^CS'^KTilSS 

SdT m V ? ' h 6 T d HH ^ a,,endan, impr ~« ™ny o, the improved properties achieved^ d 'o meS 
blending. I. w.ll be understood .hat suflicient hydrocarbon(s) have to be added to the reactor to provide d amount se 
forth above for the b end. The addition o. the hydrocarbons) to the reactor increases the averagT^e sTze o the 
resm, decreases bulk dens.ty slightly; decreases fines; has no apparent effect on the removal of resdua'clmonomer 
increases flow index; decreases density; and reduces static. 'esiouai comonomer, 

thp rl^fn^M^T ^ hydrocarbon can be dr V blend ed in a ribbon blender. This is accomplished by charging 
the resm to the blender along wi.h the appropriate stabilizer package. The hydrocarbon ,s then added by pour no h 
over the resin. Agitating for a period of 30 minutes yields a uniform blend of resin and WocafiJ^nJ?^ 
and no. sticky up to about 20 percent by weigh, hydrocarbon. Blending is earned ou, ai room tempera ire A Second 
method is effected with a high speed Hensche.TM mixer having an agltator wjth fo(jf b|ades The ^t on^ d 
slowly over a penod of several m.nu.es and allowed to mix for 15 minules. This me,hod is also carried I ou, » 

STo'd^l'sC wTT ' S '° ^ ^ r r ° Carb0n ,0 9 f ' UidiZed °' P™ d -^- B^Sm^ sTn .0 
ot sorave i onZtZ . ^ P asS ^ < hrou 9 h the ^ * * ^.e sufficient (o f.uidize the bed, the hydrocarbon can 

hvd o^rhn k . h? r'^o 3 m ° d,f,ed C ° ne " air ' eSS " type Spray noz2,e moun,ed ™>d° 'he bed container The 
hydrocarbon is heated ,o abou, 80 degrees C so that Ihe temperature of the bed is not reduced Blending can also be 
accomplished w„h a ma.eria. handling auger or conveyor using ,he same type o, spray nozzle This hou.d be done 
hvdroTh 60 a,mOSphe ;.!' bU * Ca " be eHec,ed at — t.mp.„, U r.. Finally, molten resm can be blended wffh the 
ZT/aTZSeT «-P°-*9 extruder screw and additive metering pump. The molten blend is then 

5 076 X O8S de and a 5 nd l5 P 3 O Sp SS ? ** T "T" Uni,ed 8,3168 Pa,6n,S 4 ' 169 ' 679 ' 4 ' 814 ^ 4,857,600; 

fi£ S a „H 5 ' 15a3 ? 2 Examp,es of var,ous extruders are ? ^n9le screw type such as one modified wi.h a blown 
him die and air ring and con.muous take off equipment; a blown film extruder; and a slot cast extruder Twin screw 
extruders can also be considered. A typcal single screw type extruder can be described as one hav no a C a ft" 

sTri^nd'tree?;: * "n "Z^^ ^ ^ ^ fMd ' **> 3 barr61 ' Which contains a screw Auhe io W 
stream end, between the end of the screw and the die, is a screen pack and a breaker plate The screw portion of the 
extruder ,s cons.dered I to be divided up into three sections, the feed section, the compression sect^ and'he meter ng 
section, and multiple heating zones from the rear heating zone to the front heating zone, the mu"iiple sec.^ni and 
zones running from ups.ream .o downs.ream. if i, has more than one barrel, the baLs are connec ted i sets ?S 
eng.h to diameter raho of each barrel is in the range o, abou, 16:1 lo abou, 30:1. The ex.rusion can take nace a! 
temperatures ,n the range o, abou, 160 to abou, 270 degrees C, and is preferably carried ouX aTieZ a.ures in the 

onh°e e c° n ab °h U ' i t h a H OU ' T° ° ^ C ° ating ' Where the malerial ^ross.inked a irS ion , e d e 

I , Z 3 ! dS d ' reCtly ,n, ° a hea,ing 20ne ' and lhis zone can be main,ained a, a ,empera,ure in ,he anoe ,3 
about 1 30°C to abou. 260'C, and preferably in Ihe range of abou, 1 70°C to about 220°C 9 

Rn,l d !, SC a ? Pt ' Z 0 l , H P ^ a !; nje s t ; ,i0n m ° ,ding aPPara ' US Can bS ,0Und in the ln i ec,ion M ° ldi "9 Handbook, edited by 
bl John wt PU R f ^ Van v N f rand - New York ' 1986 ' P»fl" 1 ° and 11 , and Injection Molding, Rubin published 

4 390 677 ' ^ 5 and 6 ' TyPiCa ' C ° nditi0ns are descr,bed Uni,ed States Paten. 

A description of a typical blow molding apparatus can be found in the Blow Molding Handbook, edited by Rosato 
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et al published by Oxford University Press, New York, 1989. Typical conditions are described al pages 530 to 535 

Advantages of the blend of polyethylene(s) and hydrocarbon (s) are that the processability and one or more prop- 
erties of the ultimate product (as measured on films or plaques) are improved when the blend is compared with the 
same or similar polyethylene(s) having/for example, similar densities, melt indices, and/or melt flow ratios, without the 
hydrocarbon(s) i e , there is essentially no bleeding; there are essentially no hydrocarbon(s) on the surface of each 
polyethylene particle or on the surface of the articles of manufacture produced by the extrusion of the poryethylene(s); 
the ESCR and the impact resistance are improved; die swell, diameter swell, shrinkage, and modulus (when desirable) 
are reduced surfaces are smooth: and gels are reduced in in situ blends. Further, there is improvement in extensional 
viscosity tangent delta (enhanced chain entanglement/less orientation/higher dart drop); notched Izod: beta transition 
temperature: spiral flow; and shear thinning. The accompanying multimodality is considered at least partially respon- 
sible for improved processability, lower density, and lower modulus. 

In addition there is essentially no melt fracture in film and blow molded products, and, in injection molded products, 
there can be an increase in the speed of fabrication of at least about 10 percent, and a capability of down-gauging 
injection molded products by at least about 10 percent, with essentially no loss in Gardner impact strength. 

Conventional additives can be added to the hydrocarbon modified polyethylene during the preblending step and/ 
or the extrusion step, and. in some cases, directly to the polymerization reactor One method for addition involves first 
blending the desired additive(s) with the hydrocarbon(s) and then blending the mixture with the polyethylene(s). Sta- 
bilization packages are advantageously added in this way. The amount of additive is usually in the range of about 0.01 
to about 60 percent by weight based on the weight of the resin. Useful additives are antioxidants, ultraviolet absorbers, 
antistatic agents, pigments, dyes, fillers, slip agents, fire retardants, plasticizers, processing aids, lubricants, stabilizers, 
smoke inhibitors, viscosity control agents, vulcanizing agents, crosslinking agent S! crosslinking catalysts, and crosslink- 
ing boosters. 

The patents mentioned in this specification are incorporated by reference herein. 
The invention is illustrated by the following examples. 

Example 1 

A copolymer of ethylene and 1-hexene having a flow index of 3 to 5 grams per 10 minutes and a density of 0.953 
gram per cubic centimeter is blended with 5 percent by weight (based on the weight of the copolymer) of a saturated 
alicyclic hydrocarbon, which is liquid at extrusion temperature, non-polar, essentially amorphous, and contains less 
than about 1 5 percent by weight paraffin wax. The hydrocarbon has a viscosity of 350 SUS at 1 00 degrees F; a density 
of 0.877 gram per cubic centimeter; and a molecular weight of 800 (it is presently sold as Kaydol® 350 white oil). It 
also complies with FDA regulations for food contact. 

Note The saturated alicyclic hydrocarbon will be referred to in the examples as SAHC. 

The blend is found to be bimodal. Further the blend is particulate and the surface of each particle is found to be 

essentially free of the SAHC 

The blend is extruded into a film on an Alpine™ extrusion line having a die size of 100 millimeters; a die gap of 1 
millimeter a screw size of 50 millimeters; and a frost line height (FLH) of about 7 to 10 times the die size, i.e., about 
90 centimeters. The blow-up ratio is 4:1 . The melt temperature is about 400 degrees F. The extrusion rate is 8 pounds 
per hour-inch of die circumference. 

The properties of the blend and film are set forth in Table I: 



Table I 


property 


value 


flow index (grams per 10 minutes) 


5.6 


melt index (grams per 10 minutes) 


0.21 


melt flow ratio 


27.7 


density (gram per cubic centimeter) 


0.953 


film gauge (mil) 


0.45 


Elmendorf tear (grams per mil) 




machine direction 


25 


transverse direction 


35 


dart drop (grams) 


105 


tensile strength (psi) 




machine direction 


8500 
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Table I (continued) 



property 


valu 


Irfln^VfirQfi r\\ran t ion 
uanovcloc UllcUllUfl 


7500 


elongation at break (percent) 




machine direction 




transverse direction 




secant modulus, 1 percent (psi) 




machine direction 




transverse direction 


1 31 ,500 


blocking at 60 degrees C (grams) 




24 hours 


4.9 




(no blocking) 


1 week 


4.3 




(no blocking) 


1 month 


4.5 




(no blocking) 


melt fracture 


none 



It is further found that .he blend has a higher extensional viscosity than the copolymer per se The extensional 
v,scosity is measured using the Extensional Rheology test as follows extens.onal 

The Extensional Rheology test measures the strain hardening behavior, and evidence of strain hardening is de- 
termined by measuring extensional viscosity. The test is carried out as follows naraen.ng is de 

Each sample is prepared first by compression molding loose polyethylene resin into a plaque 1 52 millimeters 

7™™7, 27^:Z J'thT " ° ri r a,i0n " ^ PO,ymer ' SamP ' e iS ,Ur,h6f COm P- ssed 'or sev'^hl 
at 180 C to i 27 milhmeters th ( ckness under vacuum. An annular section is punched out 1 centimeter across and the 
difference between inner and outer diameters for each sample is 2 54 millimeters cen,ime,er across ' ^ the 

As noted above, evidence of strain hardening in each sample is determined by measuring extensional viscositv 
which ,s calculated as the quotient between the extensions stress and the extension rate of the sample EachTample 

or at , taChed l ° 3 C ° mmerCial — tensi.e mthle modTed 

for handling molten samples. One clamp moves relative to the other at programmed speeds The apparatus is caoable 
o developing up to 200 inches per minute controlled crossed-head speed with a displacement of 20 nche SpecS 

72 Z^TTI ? a,k r 3 ° '° 9ramS l03d Ce " '° be US6d ,0r the «•"■«• *r«. measuremen " 
Each sample is heated in a hot oil bath to 1 50' C before stretching. To establish a constant extensional deformation 
rate^an exponentially increasings.retching speed is needed, and this isachieved electronically uJ^tai 0^ or 
Each sample maintains a fairly uniform cross-section during stretching 9 9 ° enerator - 

The results of the stretching experiment are collected as force on the sample as a function of crosshead disolace 
men t Using , me as the independent variable can lead to large errors in the stress if the crosshead does nofSlow 
exact y the chosen exponential path. A data sheet for the recording o. essential information aS a sSp. program are 
used to reduce the data to extensional viscosity versus time. These data are then plotted ,n the Clascal fashion Loo 
of extensional viscosity versus log of lime with rate as a parameter. 9 
It can be seen that samples containing significant inter-chain interactions exhibit strain hardening evidenced bv 
ZZZ o/a nlT Vi T°t y " ,ime ,UnCli0n a ' hi9h S,rain raleS ' The level °' strain ha ^™9 of one sample "ghS 
the s rain llTZaT ^ ^ ^ °' SAHC USed ' i e ,he h '^' ,he SAHC ^ the greater 

a D oS! a r? I" H?" eVed 10 66 C3USed by lntermolecular entanglements which lengthen the relaxation time of 
a polymer melt sub,ected to strain. Polymers that exhibit strain hardening are better suited to certain types of extrusion 
apparatus , e.g., film blowing, than those that do not. VP extrusion 

nw ?r d K a ' S ° !T 3 ' OWer 9 ' aSS ,ranSiti ° n ,em P eralur e as measured via Differential Scanning Calorimeter bv 
Dynamic Mechanical Ana.ysis (DMA). The DMA measuremen, is described in Murayama, Dynamic MechanS Anal 
ysis of Polymer Material, published by Elsvere, page 36. dynamic Mecnanicai Anal- 
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Example 2 

An in situ blend of two copolymers ol ethylene and 1-hexene is prepared in two fluidized bed reactors, with the 

lollowing catalyst: , 
s A titanium trichloride catalyst precursor is prepared in a 1 900 liter vessel equipped with pressure and temperature 

controls and a turbine agitator. A nitrogen atmosphere (less than 5 ppm H 2 0) is maintained at all times. 

1480 liters of anhydrous tetrahydrofuran (THF) containing less than 40 ppm H 2 0 are added to the vessel. The 
THF is heated to a temperature of 50 degrees C, and 1.7 kilograms of granular magnesium metal (70.9 gram atoms) 
are added followed by 27.2 kilograms of titanium tetrachloride (137 mols). The magnesium metal has a particle size 
10 in the range of from 0 1 to 4 millimeters. The titanium tetrachloride is added over a period of about one-half hour. 

The mixture is continuously agitated. The exotherm resulting from the addition of titanium tetrachloride causes the 
■ temperature of the mixture to rise 1o approximately 72 degrees C over a period ol about three hours. The temperature 
is held at about 70 degrees C by heating for approximately another four hours. At the end of this time, 61 .7 kilograms 
of magnesium dichloride (540 mols) are added and heating is continued at 70 degrees C for another eight hours. The 
is mixture (solution) is then filtered through a 100 micron filter to remove undissolved magnesiumdichlor.de and unreacted 
magnesium (less than 0.5 percent by weight). 

100 kilograms of fumed silica having a particle size in the range of from 0.1 to 1 microns are added to the mixture 
prepared above over a period of about two hours. The mixture is stirred by means of a turbine agitator during this t.me 
and for several hours thereafter lo thoroughly disperse the silica in the solution. The temperature of the mixture is held 
20 at 70 degrees C throughout this period and a nitrogen atmosphere is maintained at all times. 

The resulting slurry is spray dried using an 8-foot diameter closed cycle spray dryer equipped with a rotary atomizer. 
The rotary atomizer is adjusted to give catalyst particles with a D50 of 12 microns. The scrubber section of the spray 
dryer is maintained at approximately minus 4 degrees C. 

Nitrogen gas is introduced into the spray dryer at an inlet temperature of 1 40 degrees C and is circulated at a rate 
25 of approximately 1 700 kilograms per hour. The catalyst slurry is fed to the spray dryer at a temperature ol about 35 
deqrees C and a rate of 90 to 95 kilograms per hour, or sufficient to yield an outlet gas temperature of approximately 
100 degrees C. The atomization pressure is slightly above atmospheric. Discrete spray dried catalyst precursor parti- 
cles are formed. . , _ L ,_ 

The spray dried catalyst contains 2.5 weight percent Ti, 6.3 weight percent Mg, and 29.2 we.ght percent THF. The 
so particles have a D10 of 8 microns, a D50 of 12 microns, and a D90of 18.6 microns as determined by means of a Leeds 
and Northrup Microtrac™ particle size analyzer using a dodecane solvent. 

The discrete catalyst precursor particles are mixed with mineral oil under a nitrogen atmosphere in a 400 liter 
vessel equipped with a turbine agitator to form a slurry containing approximately 28 weight percent of the sohd catalyst 
precursor A 50 weight percent solution of tri-n-hexylaluminum in mineral oil is added and the slurry is stirred for one 
35 hour The tri-n-hexylaluminum solution is employed in an amount sufficient to provide 0.2 mol of tri-n-hexylaluminum 
per mol of THF in the catalyst. A 30 weight percent solution ol diethylaluminum chloride (DEAC) in mineral oil is then 
added and the mixture is stirred for another hour. The DEAC is employed in an amount sufficient to provide 0.45 mol 
of DEAC per mol of THF in the catalyst. 

Ethylene is copolymerized with 1 -hexene in a fluidized bed reactor. The total pressure in each reactor is 300 psia. 
40 Each polymerization is continuously conducted alter equilibrium is reached. The temperature is 87 degrees C. the 
ethylene partial pressure is 130 psi; the hydrogen/ethylene molar ratio is 0.120. the 1-hexene/ethylene molar ratio is 
0.125; and the aluminum/titanium atomic ratio is 36. This is the final Al/Ti atomic ratio in the reactor, and includes the 
aluminum introduced in the modifier step. . 
Polymerization is initiated in the first reactor by continuously feeding the catalyst precursor and cocatalyst into a 
45 fluidized bed of polyethylene granules together with ethylene, 1-hexene, and hydrogen The cocatalyst (TEAL) is first 
dissolved in isopentane (1 to 5 percent by weight cocatalyst). The product blend is continuously removed. 

The same SAHC as the one used in example 1 is added to the first reactor approximately 2 feet above the distributor 
plate It is first dried to a maximum water content of 10 ppm. An existing feed stream is used to feed the SAHC to the 
reactor A low injection point allows the SAHC as much time as possible to mix with the copolymer before it is earned 
so into the recycle system. The SAHC is initially fed at a rate of 1 percent by weight of the copolymer. It is then increased 
to1 7 3 5 7 10 and 20 percent by weight with samples of the in situ blend being collected at each level for analysis. 
As the amount of SAHC is increased, the amount of copolymer produced in the second reactor is decreased. 1-hexene 
is added to each reactor in amounts sufficient to control the density of the copolymer and hydrogen is added to each 
reactor in amounts sufficient to control the molecular weight (see above). Thus, the copolymer produced in the first 
55 reactor has a density in the range of 0.920 to 0.929 gram per cubic centimeter and the final copolymer produced m 
the second reactor has a density in the range ol 0.942 to 0.949 gram per cubic centimeter. A granular resin is produced 
in both reactors. having an average particle size ol 0.01 to 0.02 inch, and the resin appears to have less fines than the 
same resin produced without the SAHC It is observed that the granular resin is free flowing, and the surface of each 
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10 



15 



20 



25 



panicle is essentially free ol SAHC, even a. high SAHC concentralions: (he level of static is reduced sionilican.lv and 
the operabihty of each reactor is much improved. 'eouceo significantly, and 

The granular resin is discharged from the second reactor, stabilized with antioxidants and comnnunr^H 
pounding o, the copolymer and SAHC with anti-oxidan.. calcium s.earate, and zinc .^c^SSSed^h 
muo°of e 3 X 0 l ttlZnTT, ^ T ^ 8 ^ *■* -h screw with a length td a ™ 

Thl mlLn ooll 9 P , 9 " ' hr ° U9h 3 16 «"« d ' C h6ad ' Wa,er ba,h ' air and strand cutter 

^To7oT2 f uT P l P35Sed lhr ° U9h 3 SCfeen P8Ck Wi ' h 8 S9ries 0f sc ' eens ra "9ing from 20/60/20 mes 
o 20/200/.0 mesh before go.ng through the die head for stranding. The melt temperature is 480 to 510 deqreTs F 

ul rtT.t ,0 4000 PSi; dnVe " 47 IO 54: and ,hS ° U,PU ' rate is 60 *> *> Pounds perTou ' 
II is found that the resm ,s tnmodal by size exclusion chromatography polydispersi.y is Greater than 100 hp 
average molecular weigh, is about 29,000; and the density is 0.948 gram per cubte ceTmeter ' 

are 1 O^TndTs mH ^ " " ^ ^ ^ 35 in — a 1 Th. films 

A resin is prepared in the same manner as the above resin except that the SAHC is not added The resin is 

an FAR ( f Im appearance rat.ng) of minus 40 to minus 50 while a film with 1 .7 percent by weight SAHC diselaved I an 
FAR of plus 30 to plus 40. FAR is a measure ofge. content in fi.m. The gels have a nega te effecfon the visual 
appearance o, the fi.m. The h.gher the number of gels, the lower the FAR ,n addition, the bubb e stabS as measured 
by he speed o, the line in feet of film per minute, is much higher in the resin with the SAHC iSZ? 

The SAHC containing film also displays higher dart drop than films without Ihe SAHC Dart drop ^ SAHC con 
taming resm as measured on 0.5 films are 295 to 320 grams and dart drops o, resins which do no. contain SAHC am 

Compounded resin samples containing 2 and 5 percent by weigh. SAHC are lested for printabili.y The samples 
are extruded into films using a commercial ex.rusion line having a grooved 55 mil.ime.er screw with IrS d Lmeer 
An 30 mesh screen ,s used and .he output of film is about 100 pounds per hour Before printing me films are treated' 
with a corona discharge under normal dosage. A water based Po.y-185™ printing ink fj^^^!^^ 
is used. On line pnn.mg of bo.h fi.m samples is successful as evidenced by the good adhesion of the ink t I mm 

A 9 C " m o a cun e d r COnS ' 5l T *T COnClUSi ° n ' ha ' ,h6re ' S eSSen,ia '^ n ° SAHC °" the surface o he lm 
A compounded res.n sample w.thou. SAHC is tested in the same manner with the same good adhesion of Tnk to 
f.lm. Thus, insofar as pnntability is concerned, films with and without SAHC are equivalent. 



Example 3 



nsr 7 n hS SA , HC ° f ' " Xamp,e 1 15 b,ended with a copolymer of ethylene and 1-hexene having a flow index of 33 qrams 
per 10 mmu.es and a density of 0.953 gram per cubic centimeter The blend is compression molded into 24 mil piques 
The plaques are condit.oneda. 25 degrees C, 0 degrees C, and minus 38 degrees for 43 hours and tested to Gainer 
impact Strength. A 2 pound weigh, is used as ,he falling weigh,. When compared wi.h iTZHC^Sl 
SAHC. the plaques contam.ng the SAHC have a higher Gardner Impact Strength. 



Example 4 



Two copolymers of elhylene and 1 -hexene produced with the same ca.alys, are compared ,he firs, blended with 

havJ Z ; saddens' ?e TgT 1 ^ ^ ^ SAHC B °' h ,h * b ^ ^ ^ 

have the same density, i.e., 0.941 gram per cubic centimeter. It is observed that the SAHC raises the densitv and flow 

5 oram er T 7^ * "° W M " ° f 7 ^ 10 ™^ (original copo. me ha a \ « 

5 grams per 1 0 mmu.es) and .he second copolymer has a flow index of 1 0 grams per 1 0 minutes The motecuTa weioh 

molecu a " ^ °' ^ C ° P °^ ei " is known tha " BeneSJ spelkmg he She he 

molecular weight, Ihe more prone the resin is to exhibit melt fracture Both the blend anri 1.11!' , 
blow molded on a 1 6 ounce ImpcoTM blow molding machjne ^ ^c^cr w t h a ll^ZZZo^ 
24. 1 55 gram round bottom bottles are produced. A comparison o, the bottle properties is selU in rS. 



Table II 



bottl properties 


copolym r + SAHC 


copolymer w/o SAHC 


density (g/cc) 


0.941 


0.941 



10 



15 
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Table II (continued) 



bottle prop rties 


cop lym r + SAHC 


copolym r w/o SAHC 


flow index (g/10min) 
drop height (feet) 
diameter swell (inches) 
ESCR (1/3 full) 
melt fracture 


7 

14 plus 
3.8 

did not fail > 60 days 
none 


10 
10 
4.1 

did not fail > 60 days 
noticeable 



Example 5 

Two copolymers of ethylene and l -hexene produced with the same catalyst are compared, the first blended, with 
3 percent by weight of the example 1 SAHC and the second without SAHC. Both the blend and the second copolymer 
are compression molded into plaques as in example 3 and blow molded on a 1 6 ounce Impco™ blow moldtng machine 
having a 2 inch screw with a length to diameter ratio of 24:1. 55 gram round bottom bottles are produced, variable 
conditions and a comparison of properties are set'forth in Table III. 
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Table m 

property or condition copolymer w/o copolymer with 

SAHC SAHC 

flexural modulus (psi) 144,450 144,400 

melt index (g/10 min) 0.07 0.03 

flow index (g/10 min) 9.1 42 

melt flow ratio 126 210 

density (g/cc) 0.9496 0.9536 

tensile strength (psi) 4053 4392 

tensile yield (psi) 3560 3765 

elongation at break (%) 678 658 

Gardner impact strength 3,95 15.7 

(foot-pound/inch) ( a t o° C) 

extensional viscosity relatively less relatively 

greater 

swell relatively relatively 

greater less 

ESCR, slit, 50° C, greater than 400 
10% Igepal, F50 (hours) 500 

barrel temperature (°F) 385 385 

die temperature (°F) 402 402 

PFT (seconds) 1.7 17 
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w 



15 



20 



25 



30 



35 



die gap set at: 
revolutions per minute 
injection (psi) 
melt temperature (°F) 
bottle weight (grams) 
bottle appearance 



15.0 26.1 

v 97 95 

2050 2100 

417 410 " 

41 41 

excessive melt essentially no 

fracture melt fracture 

(lto5) O) 



Example 6 

Three copolymers of ethylene and 1 -butene produced with the same catalyst are compared, the first blended with 
5 percent by weight of the example 1 SAHC; the second without SAHC; and the third without SAHC. Both the blend 
and the second and third copolymers are injection molded into dishpans on a 20 ounce reciprocating injection molding 
machine having a 300 ton clamp pressure and a screw with a length to diameter ratio of 20:1 

The first and second copolymers have an initial density of 0.926 gram per cubic centimeter. With respect to the 
first copolymer, the properties are prior to blending with the SAHC. The third copolymer has a density of 0.926 gram 
per cubic centimeter. Other properties of the three copolymers are set forth in Table IV A. Using a special graduated 
mold, it is also found that the first copolymer with SAHC has improved spiral flow over the second polymer without SAHC. 

Using the first copolymer with SAHC and the third copolymer without SAHC, small and large lids are injection 
molded as above. Evaluation of the lids is set forth in Table IV B. It is further observed that the lids prepared with the 
first polymer with SAHC can be downgauged by about 10 percent without loss in impact resistance. 



Table IV A 



property 


first copolymer with 
SAHC 


second copolymer w/o 
SAHC 


third copolymer w/o 
SAHC 


initial melt index (g/10 


33 ; 


33 


50 


inin) 






50 


final melt index (g/10 min) 


37 


33 


minimum psi needed to fill 


950 


1100 


800 


injection mold 






45 


Gardner impact 


600 


540 


resistance at minus 40° C 








(inches per pound) 








shrinkage (%) 


0 


2 5 


2.5 


ESCR.no slit, 25° C, 10% 


109.1 


94.9 


11.6 


Igepal, (hours) 
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small lids 



ESCR, no slit, 
25 °C 
10% Igepal 

number of days: 

1 
2 
3 
4 
7 
8 

F50 (hours) 

Crisco™ oil 
(minutes 
at 25° C) 

large lids 

ESCR, no slit, 
25° C, 
10% Igepal 

number of days: 

1 

2 
3 
4 
7 



TabfcTVR 



first copolymer 
withSAHC 

number failed 



third copolymer 
w/oSAHC 

number failed 



5 
10 
16 
18 
19 
19 

58.3 

120 



18 
18 
18 
19 
20 

23.0 
less than 30 



number failed 



number failed 



8 
11 
13 
13 
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10 



15 



20 



25 



35 



8 

14 
18 

Crisco™ oil (time 
at25°C) . 



14 
15 
16 



5 days 2.5-hours 



The cutest is an 

Since many lids are used in the presence f orit « ^^JJ^J J," c| J ? ne lid js lhen immersed in the CriscoTM 

the fold. This can vary from minutes to days depending on the resin. 
Example 7 

Fi^c^onneco^no,^ 
, « ea,«0 ou. on a tSdS^. • 5. W STmTS .i,J a»n .OB2:, «ow u p ,3,10 

jo heat sealing temperature is lower. 
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45 



condition or property 



Table V 

resin w/o 



resin with 







SAHC 


SAHC 


10 


melt temperature (° F) 


498 


495 




drive amps 


13.1 


. 12 




head pressure (psi) 


3390 


3375 


15 


production rate (pounds per hour) 


27.6 


28.2 




density (g/cc) 


0.9821 


0.9255 


20 


tensile yield: machine direction 
(MD) 

transverse direction 
(TD) 


3337 
3880 


3282 
3334 


25 


elongation at break (%): MD 

TD 


487 

lO\J 


523 
707 


30 


secant modulus, 1 percent: MD 

TD 


73625 
91166 


48055 
63603. 




Elmendorf tear: MD 
TD 


25.7 
554 


33.9 
468 


35 


haze (percent) 


7 


1.9 




gloss (90 degrees) 


66.5 


78.5 


40 


dart drop ( grams) 


68 


73 



50 



Notes to Tables: 

1. Elmendorf tear is determined under ASTM D- 1922. It is 
reported in grams per mil. 

2. Dart drop is determined under ASTM D- 1709. It is 
reported in grams. 
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3. Tensile strength is determined under ASTM D- 882. It is 
reported in psi (pounds per square inch). 

4. Elongation at break is determined under ASTM D- 882. Iti: 

reported in percent. 

5. Secant modulus, i percent is determined under ASTM D- 

882. It is reported in psi. 

6. Blocking is determined under ASTM D- 3354. It is reported 

in grams. 

7. FAR (film appearance rating) is determined by visual 
comparison with a standard sample in terms of the number of gels 
per unit area. 

8. Bubble stability is determined by the speed of the line. The 
faster the speed (prior to failure) the better the bubble stability. It is 

reported in feet per minute. 

9. Gardner impact strength is determined under ASTM D- 

3029. It is reported in foot-pounds per inch. 

10. Diameter swell is based on a comparison with a standard 
calibrated bottle. It is reported in inches. 

11. ESCR (environmental stress cracking resistance) is 
determined under ASTM D-1693. It is reported in time to failure in 
hours. 

12. Melt fracture is determined by visually examining the 
sample. Each sample is given a value from 1 to 9 with the value 1 
being the worst case of melt fracture and the value 9 representing 
essentially no melt fracture as follows: 

1 = severely gross 

2 = gross 

3 = gross shark skin 

4 = severe shark skin 

5 = shark skin 

6 = rough surface 
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7 = slightly- rough surface 

8 = minor imperfection, but acceptable * 

9 = essentially no melt fracture 

13. Flexural modulus is determined under ASTM D- 790. It is 
reported in psi. 

14. PFT is the time for the parison to form. It'is reported in 
seconds. 

15. Tensile yield is determined under ASTM D- 882. It is 
reported in psi. 

16. Shrinkage is determined under ASTM D- 2732. It is 
reported in percent. 

17. Haze is determined under ASTM D- 1003. It is reported in 
percent. 

18. Gloss is determined under ASTM D- 2457. 

Claims 

1. A process for extrusion comprising: < 

(i) blending one or more polyelhylene(s), each polyethyiene being made by a low pressure process and having 

JZTJtT l° r H rea 'l r ' h f n 0 918 9fam CUbi ° Cen,ime,er ' Wi,h one or ™ re Crated a.icyclic hy 
drocarbon(s), sa,d hydrocarbon(s) being liquid at process temperature, non-polar, essentially amorphous and 
containing less than 15 percent by weight paraffin wax, in an amount of from 0.5 to 15 parts by weigh, of 
hydrocarbon(s) per 100 parts by weight of polyethylene(s): and 

(ii) extruding the blend. 

2 ' tZr^lT P ° lye,hy,e " e h blend comprising (i) one or more polyethylenefs), each polyethylene being made by a 
low pressure process and hav.ng a density equal to or greater than 0.918 gram per cubic centimeter and (ii) one 

eLTn^al a" H a,,CyC,iC . hydrOCarb ° n(S) ' ^^P^ being **** a. blending temperatures nonpar 
essentia^ amorphous, and conta.ning (ess than 1 5 percent by weight paraffin wax,, in an amount of from 0 5 to 
15 parts by we.ght o hydrocarbon(s) per 100 parts by weight of polyethylene(s) wherein each polyethylene blend 

i^SSSS amorphous phase and the surface of e - p-~ ^ ~ 

cubfc^enUm^ " ^ * ^ " ^ P °^ iene is e ^ a l to or greater than 0.940 gram per 



4. 



Cw'SjS ^Ti^^ITf 2 0 H C i aim 3 , Whe , rein ViSCOSi,y °' the * in th. range of from 200 to 

1000 SUS at 100 degrees F and the molecular weight of the hydrocarbon(s) is in the range of from 200 to 5000. 

A blend as claimed in any one of claims 2 to 4 wherein each polyethylene blend particle is multimodal. 

A particulate polyethylene blend comprising (i) one or more polyethylene(s), each polyethylene being made by a 

TSrtlT^ 93 K S PhaS6 ' " ° r m ° re f ' U,diZed b6d reactors ' and hav -9 a density equa to or 
c^hln h Pi 9 H m , P K7 T' 0 Cen,ime,er (N) ° nS ° r m ° re Satura,ed a,ic V clic hydr<xarbon(s) said hydro- 
carbon(s) be.ng l, q u.d a. b.end.ng temperatures, non-polar, essentially amorphous, and containing less than 15 
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percent by weight paraffin wax, in an amount of Irom 0.5 to 15 parts by weight of hydro-carbon (s) per 100 parts 
by weight of polyethylene(s) wherein each polyethylene blend particle has a crystalline phase and an amorphous 
phase and the surface of each polyethylene blend particle is essentially free of said hydrocarbon(s) with the fol- 
lowing provisos: 

(a) the viscosity of the hydrocarbon(s) is in the range of from 200 to 1000 SUS at 100 degrees F and the 
molecular weight of the hydrocarbon(s) is in the range of from 200 to 5000; 

(b) each polyethylene blend particle is bimodal or trimodal; and, optionally, 

(c) the hydrocarbon(s) are introduced into the polyethylene in the reactor. 

A particulate homopolymer or copolymer, or blend of particulate homopolymers and or copolymers, of ethylene 
and, in the case of copolymers one or more comonomers having 3 to 12 carbon atoms, each polymer having the 
following characteristics: 

(i) a density of at least 0.918 gram per cubic centimeter; 

(ii) a flow index of from 0.5 to a melt index of 10, both in grams per 10 minutes; 

(iii) a molecular weight in the range of from 30,000 to 1 ,000,000; 

(iv) bimodal or trimodal: 

(v) each polymer particle having a crystalline phase and an amorphous phase; 

(vi) the surface of each polymer particle being essentially free of additives; and 

(vii) on conversion to a film or blow molded product, exhibiting essentially no melt fracture. 

A film or blow molded product exhibiting essentially no melt fracture consisting essentially of a particulate homopol- 
ymer or copolymer, or blend of particulate homopolymers and/or copolymers, of ethylene and, in the case of co- 
polymers, one or more comonomers having 3 to 12 carbon atoms, each polymer having the following character- 
istics: 

(i) a density of at least from 0.918 gram per cubic centimeter; 

(ii) a flow index of from 0.5 to a melt index of 10, both in grams per 10 minutes; 

(iii) bimodal or trimodal; 

(iv) each original polymer particle having a crystalline phase and an amorphous phase; and 

(v) the surface of each original polymer particle being essentially free of additives. 

A particulate homopolymer or copolymer, or blend of particulate homopolymers and/or copolymers, of ethylene 
and, in the case of copolymers, one or more comonomers having 3 to 1 2 carbon atoms, each polymer having the 
following characteristics: 

(i) a density of at least 0.918 gram per cubic centimeter; 

(ii) a melt index of from 1 to 160 grams per 10 minutes; 

(iii) a molecular weight in the range of from 20,000 to 100,000. 

(iv) bimodal or trimodal; 

(v) each polymer particle having a crystalline phase and an amorphous phase; 

(vi) the surface of each polymer particle being essentially free of additives; and 

(vii) on conversion to an injection molded product being capable of 

(a) having the speed of fabrication increased by at least 10 percent and 

(b) being down-gauged by at least 10 percent, both with essentially no loss in Gardner impact strength. 

0. An injection molded product having been prepared by (i) increasing the speed of fabrication by at least 10 percent 
and (ii) down-gauging by at least 10 percent with essentially no loss in Gardner impact strength over a like injection 
molded product prepared without such increase in speed or down-gauging consisting essentially of a homopolymer 
or copolymer, or blend of homopolymers and/or co-polymers, of ethylene and, in the case of copolymers, one or 
more comonomers having 3 to 12 carbon atoms, each polymer having the following characteristics: 

(i) a density of at least 0.918 gram per cubic centimeter; 

(ii) a melt index in the range of from 1 to 160 grams per 10 minutes; 

(iii) bimodal or trimodal; 

(iv) each original polymer particle having a crystalline phase and an amorphous phase; and 
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(v) the surface of each original polymer particle being essentially free of additives. 
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